Abstract: Conflict related displacement affects millions of families throughout the world. Very little is known about the determinants of health outcomes in the period immediately after a cease-fire is agreed, in which currently displaced people living in camps consider returning to their place of origin. In this paper, we study the effects of war and displacement on the health of children, using morbidity data collected as part of a large household survey from post-war northern Uganda in 2007. We combine this dataset with geo-coded conflict event data at the individual level to overcome the challenges of selection bias and endogeneity arising from households choosing their location in part based on their health status. This methodological concern is confirmed in our analysis. We then estimate the determinants of child morbidity (proxied by various health indicators) in an instrumental variables multivariate model, where conflict intensity at place of birth of the head of household is used as an instrument. We find that while children in IDP camps and in returnee locations exhibit the same mean morbidity rates, IDP camp residency almost doubles morbidity while poor access to safe drinking water in return locations counteracts the positive health effects of camp decongestion. Our results point to the importance of overcrowding and poor cooking technologies in IDP camps for worsening morbidity in children and the need to provide better sanitation and drinking water access in return locations to further improve the health status of conflict-affected children. Better data and analysis in early post-war periods can help to balance public health interventions, thereby strengthening the peace process.
Introduction
At the end of 2007, conflict was responsible for an estimated number of 26 million internally displaced people in at least 52 countries (Jennings et al. 2007 ). Displacement and living in internally displaced persons´ (IDP) camps are associated with high morbidity and mortality rates (Depoortere et al. 2004 , Guha-Sapir and van Panhuis 2002 , Guha-Sapir and van Panhuis 2003 , Salama et al. 2001 . The medical literature discussing the health implications of IDP camps typically identifies associations between different health access indicators and health outcomes (Spiegel et al. 2002) . There is little evidence allowing us to differentiate between different drivers of higher morbidity and mortality. Such drivers may include the lack of clean water, sanitation, appropriate shelter or sub-optimal medical facilities (Connolly et al. 2004, Toole and Waldman 1997) . Furthermore, very little is known about the determinants of health outcomes in the period immediately after a cease-fire is agreed, in which currently displaced people living in camps consider returning to their place of origin. These knowledge gaps have methodological and data-related causes: It is hard to design studies on IDP camps with valid control groups and sample sizes in humanitarian emergencies are often small. These gaps also have strong implications for health practitioners on the ground involved in allocation of scarce resources during and after conflict, aiming to identify and to decide how best to assist the most vulnerable population groups.
In this paper, we utilise a unique dataset from the early post-war period in northern Uganda, which captures the process of IDP camp decongestion, with IDPs returning to their place of origin or to smaller camps. This region has been affected by mass violent conflict for almost two decades, peaking in the "iron fist" operation displacing almost all residents of three districts in northern Uganda by the government into IDP camps by 2005 (Van Acker 2004 and creating a complex humanitarian emergency in the process (Checchi 2006 , WHO, 2005 .
Methodologically and topically, this case represents a unique setup given the magnitude and speed of the population displacement and subsequent voluntary camp decongestion as well as the scale and the timing of the data collection, surveying 3962 households, including 4795 children under the age of five years, only a few months after the end of the fighting.
We combine this evidence with geo-coded conflict event data at the individual level, which allows us to identify the role of IDP camp status for various health indicators of these children with instrumental variable statistical techniques. Using this novel approach, we thereby show that IDP camp residency almost doubles morbidity for children in the period immediately after the end of the conflict. This is in strong contrast to both descriptive statistics and an inferior methodological multivariate statistical approach suggesting no effect of IDP camp residency on the health status of children versus those in returnee villages. Furthermore, we show that the positive health effects of IDP camp decongestion for children are, at least in part, counteracted by the negative effects of missing sanitation infrastructure in the return locations. Combining two data sources and applying these statistical techniques enables us to suggest better targeting of preventive health policies for IDPs by reducing overcrowding in IDP camps and accelerating the provision of sanitation facilities in returnee villages.
Data and Methods

Household health survey
We use a large household survey collected in northern Uganda in April and May 2007 by the Ugandan Bureau of Statistics (UBoS) and the Norwegian Fafo Institute for Applied International Studies (UNDP 2008) . The survey of 3962 households is representative for the population who has ever resided in an IDP camp in the six districts of Amuru, Gulu, Kitgum, Pader, Lira and Oyam. The sampling procedure followed a two-stage cluster design (UNDP 2008 ).The first stage followed a probability proportional to size design to select camps or return areas (Fafo unpublished, UNDP 2008) .The survey includes indicators of morbidity based on reported symptoms sudden illness, mostly malaria/fever, diarrhoea and severe cough present in children aged five years or below (subsequently referred to as 'children') in the previous two weeks, with an acute illness module similar to standard survey studies (DHS Surveys, 2009).
Geo-coded conflict event data
We also use detailed geo-coded data on conflict events (e.g. fighting 
Statistical methods
We first use descriptive statistics to compare the survey mean of two population sub-groups of children: current versus former IDP camp residents. However, these two groups are not comparable in that they differ in characteristics such as access to safe sources of water. To make a valid comparison, we need to overcome selection bias and endogeneity. The selection bias results from observable and unobservable differences that operate on both IDP camp status and health outcomes. For example, a child's health status and need to access health services may be an important driver of the relocation decision of a household. This creates an endogeneity between location (IDP camp vs. return areas) and health status and hence the need to model jointly IDP camp status and health status. Empirically, we use a subset of our conflict intensity indices to explain (i.e. to instrument) for current location and then estimate the effects of IDP camp status (and exogenous covariates, including further conflict intensity indices) on the health status of children. The inclusion of the conflict intensity index helps, first, to control for the direct effect of conflict exposure on child health and, second, to control for an exogenous driver of IDP camp residence (not related to unobservable individual characteristics). We use conflict intensity at the place of birth of the head of household as an instrument, since it should only affect child morbidity through its effect on IDP camp status conditional on district fixed effects and exposure of the household to conflict in 2002 and 2006 (created using a retrospective migration history of the household combined with geocoded conflict event data).
We implement three multivariate statistical models which account to varying degrees for selection bias and endogeneity. Specifically, Model 1 shows a naïve probit model controlling neither for the selection bias nor for endogeneity. Model 2 is a probit model that attempts to control for the selection bias by including the conflict event histories. Model 3 (our preferred model) includes a 'first stage' equation, where IDP camp status is modelled and controlled for, and the conflict event exposure of the household to control for selection bias and endogeneity. Since IDP camp status and child morbidity are each dichotomous variables, we use a bivariate probit (Maddala 1983 , Wilde 2000 . In all models we also control for additional drivers of outcomes (e.g. access to health facilities, to markets, number of years that the head of the household lived in an IDP camp, etc) and for factors that may influence recall bias (Manesh et al. 2008 ).
Results
Descriptive statistics
To understand the effects of IDP camp residency on the health status of children we first analyse unconditional household survey data from Northern Uganda in mid-2007. We group the data to illustrate the mean morbidity rates of children in IDP camps and in returnee locations ( Figure 1 ). Some households divided their time and activities between IDP camps and their homestead (that is 'commuted'). We grouped these households with IDP camp residents as they shared the services offered by the camps. There are 4795 children in our sample, of which 3527 are either living in an IDP camp (3205 cases) or commuting to it (322 cases), and 1268 live in households who have moved away from the camps.
The households of IDP camp residents and their children exhibit different characteristics concerning their sanitation access and conflict histories compared to returnee households.12
Our initial results suggest that IDP camp residents have better access to safe sources of water.
Furthermore, the typical head of household in IDP camps has been exposed to significantly higher levels of conflict in 2006. In addition, their place of birth (an indicator of alternative residence opportunity) has also experienced substantially higher levels of conflict intensity during 2006. Nevertheless, using this descriptive statistics approach and looking just at the main sub-group morbidity rates (symptoms of fever/malaria/diarrhoea/cough/TB in the previous 2 weeks), children living in IDP camps do not appear to differ significantly from returnee children (with 18.5 % and 18.1 % morbidity rates, respectively).
Multivariate statistics
This finding raises the question of whether IDP camp residency does after all have any impact on the health status of children. To answer this question correctly requires a multivariate statistical approach controlling for selection bias and endogeneity. We therefore calculate three regression models to estimate the impact of IDP camp status on child morbidity (Table   1) . Model 3 (our preferred model) controls for both selection bias and endogeneity. Models 2 and 2, being more naïve models, do not but are included as controls. For comparability and simplicity, we report only the results for the second stage for Model 3, we display incremental effects rather than regression coefficients, and we report only the incremental effect of being an IDP camp resident and having access to safe water (full results for all three models and for both stages of model 3 are available in an online appendix).
We demonstrate in Model 3 that IDP camp status has as a significant negative effect on child health with an incremental effect of 0.163 units representing an almost doubling of the morbidity rate. Furthermore, Model 3 indicates that IDP camp status doubles the reduction in morbidity associated with access to safe water. The significance of the test of exogeneity clearly indicates that ignoring the endogeneity of IDP camp status (controlled for with our approach in Model 3) would lead to incorrect inference, biasing the estimate of camp residence on child health. Not surprisingly, the impact of camp residency is not significant in either Model 1 or 2. All three key components of morbidity (fever/malaria, diarrhoea and cough) contribute significantly to the negative health effect of IDP camp residency (shown in appendix).
Discussion
Discussion of data
Our use of the data entails three interesting features. The study site is unique in that the conflict in northern Uganda resulted in one of the largest relative population displacements induced by war in recent years (WHO 2005) , only surpassed by recent figures from Sudan and Colombia (Jennings et al. 2008) . Hence there was no element of choice in becoming displaced, unlike the decision to return, which is voluntary. The survey is unique in that it was collected about ten months after the end of the conflict, a period of massive displacement of individuals from camps to their place of origin (UN OCHA, 2007) . The combination of household survey data and geo-coded conflict event data to overcome the selection bias is novel and a role model for future studies of the effects of conflict.
Discussion of descriptive statistics
The apparent similarity of the health status of children in the camps and in the returnee locations may be the result of different mechanisms that cannot be identified by comparing mean morbidity incidence across groups. This justifies the need to adopt multivariate techniques to isolate the pure effect of being an IDP camp resident on child health.
Discussion of key regression result
Our preferred specification (Model 3) explains why morbidity incidence is similar in IDP camp and in returnee populations, even when IDP camps seem better provided in terms of access to water. We are able to isolate the negative and significant 'IDP camp effect' for children's morbidity of Model 3 by first explaining the location of households and then modelling the drivers of children's morbidity. Although this is speculative, overcrowding in the camps (and within the shelter provided) and inferior cooking fuels or stoves may explain this finding. These results would not obtain with standard multivariate analysis ignoring the twin challenge of selection bias and endogeneity (as in Model 1) or with an analysis only accounting for the conflict event history of households but not simultaneously explaining the household location (Model 2). Hence the combination of calculating a conflict intensity index from geo-coded conflict event data and using it to model household location in a first step helps to reveal the true negative effect of IDP camp residency on children's morbidity in the second step. Our control models indicate that not controlling for these issues, which is hard to achieve in the context of conflict and displacement, significantly biases the findings. Spiegel, P., Sheik, M., Gothway-Crawford, C., Salama, P. (2002) . Health programmes and policies associated with decreased mortality in displaced people in postemergency phase camps: a retrospective study. Lancet, 360, 1927 Lancet, 360, -1934 Note: Coefficients report the change in the probability that the child had access to safe water (access vs. no access) and was ill in the last two weeks explained by IDP camp status (being in camp/commuting vs. returnee).
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Tables and Figures
Household characteristics: number of household members, dependency ratio, child mother's living status, number of assets, and indicators that the head of household currently or previously participated in herding or petty trade activities. Camp characteristics: distance to nearest market, distance to water source, and an indicator of access to safe water. Other indicators (e.g. health and school facilities were tried but found to be not statistically significant). Symptoms: Cough/TB in last 2 wk.
Proportion of observations
Still in the camp or commutes Returnee Note: Proportion of children having access to safe water (tap water or water from a protected well or borehole) or presenting morbidity symptoms (reported by household member), using sampling weights and showing 95 % confidence intervals. Source: Authors' calculations based on Northern Uganda Livelihood Study 2007 (UBos/Fafo).
Supplementary material
Calculation of conflict intensity index
To be specific, let conflict events be labelled by subscript i, and denote the coordinate of the event defined by the two-dimensional vector ci (latitude and longitude in degrees). Let the location of interest, for which we desire to construct a synthetic conflict intensity index be "l" (again, a two-dimensional vector with geographic coordinates). In principle, if we confine in all events occurring in a given year, the conflict intensity for location "l" is defined as
)) , ( ( where d represents the distance between two points (the specific "event" and the location of the household at some pre-specified point in time) and g(.) is a decreasing function that "discounts" events by their distance from the location point of reference (the household). In this simple formulation, any event occurring in a given year could add to the intensity of the conflict in a specific location. Function g(.) weights events depending on their distance to the individual or household. We have defined g(x)= exp(-αx) and
, with α = 25.
The specific selection of the discount rate α was done by evaluating different values and choosing that which had the best fit in the models. In a nutshell, the "intensity of conflict" associated with a given location combines all conflict events, each of them discounted by the distance from the location of interest to the place where each event took place.
We have also counted events occurring in the year prior and to the reference year in which the intensity-location pair is measured, but discounting these adjacent year observations by a factor of exp(-1)=0.37.
To illustrate the outcomes of this procedure, Figure A1 shows fluctuations in the conflict intensities -as defined above-by location and time. Kampala, the capital city, located in the Central region is taken as a reference, along with three cities in the Northern region. The capital city has been relatively free from conflictive events since the mid eighties, whereas in the North, conflict between rebel groups and the government has been present in during the last decade, peaking in 2004 to decrease afterwards.
Description of Model 3
Model 3 jointly models IDP status and morbidity in children. Using our information on conflict intensity experienced by the households, we are able to distinguish whether health outcomes in children are explained by household and camp characteristics or to factors related to the geographic spread of the conflict. As suggested before, the location of the children (living in an IDP camp or not) may depend on unobservable characteristics (e.g. underlying health status) of these children and their households. Parents may stay in or around an IDP camp to have access to health facilities and thus children with poorer underlying health conditions may remain in the camps. In order to account for this potential endogeneity between location and health status, we will use geographical variables to instrument for location and then focus on the structural equation of interest, linking IDP residence status-plus covariates-to health outcomes of children. Since both IDP status and health outcomes of interest (morbidity) are dichotomous, we use a bivariate probit model where IDP status and health outcome are jointly modelled. We postulate a recursive model along the lines of Maddala, 1 (1983) , with a reduced form for a potentially endogenous dichotomous variable . 1
Parameters are estimated via the method of Maximum Likelihood. More on identification requirements can be found in Wilde (2000) .
In our simultaneous model, IDP status of the child is modelled on information from the head of household the child is living in. The head of household is, more likely, the person who would have more influence in relocating away from the camp, having an impact on the location of the child IDP status itself. 1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 1993 1996 1999 2002 2005 Year Index Gulu Pader Lira Kampala Notes: Change in the probability that the child was ill in last two weeks explained by IDP camp status by different types of morbidity. Same controls as Model 3 in Table 1 in the paper. Standard errors in parentheses. * indicates that the coefficient is significant at 10% level or lower. 
